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ABSTRACT 


Feasibility study of a replacement for card-storage 
using audio tape was carried out by A.V, Krishnakumar 
and Satlshchandraiv^*’^ The whole system consists of 
three xanits, viz., the input unit, the interface unit 
and the software packages for editing and file-verifica- 
tion. The input unit has a non-printing type keyboard. 
Data is stored on a single track audio tape in the form 
of 6 bit computer compatible code. Interface unit 
reads the information from the audio tape and puts on 
a seven track digital tape after adding the parity 
bit. 

Laboratory model of interface tonit has been designed 
and fabricated. Required power supplies with short- 
circuit protection have also been made. Software 
packages for editing and file-verification have been 
written in the assembly language of IBM 1620. 



CHAPTER 1 


l.l INTRODUCTION 

Commmication with a data-processing system is through an 
input-output (I/O) device. Data to be processed and the ins- 
tructions for processing it are first recorded <in an input- 
medium such as punched cards ^ punched paper tape, magnetic 
tape, magnetic ink characters or optical characters. 

The computer is capable of operating at much faster speeds 
than an I/O device. To enable the computer to operate as nearly 
as possible at its full capacity, the transfer of data betvreen 
I/O devices and the main storage unit may take place indepen- 
dently through an intermediary. 

Off-line input-output devices are frequently used on large 
systems. Information recorded on an input device is transferred 
onto an auxiliary storage unit which can directly be connected 
to the computer for information transfer under control of CPU. 
This improves computer-utility as the information from an 
auxiliary storage unit viz., magnetic tape, disk or drum can be 
read at a faster rate (tens of thousands of characters per 
second) . 

The off-line system should be economic and reliable. 
Feasibility of the sound recording tape as an off-line input 
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device was studied by A.V. Krishnakumar and Satish Chandra . 
It was found feasible and can compete well with punched cards 
and p\inched paper tapes and >t has the following advantages? 

1. E CO corny ; Such a recording tepe pat be used over and 
ove?r again \inlike punched cards and punched paper tape. 

Higher Information Packing Density ? On an average one 
card image per square inch in this case as against 8 square 
inches in case of punched paper tape and about 20 square incites 
in case of a pxanched card. 

3. More Reliable System ? This input unit is mostly elec- 
tronic as against card punch and paper tape pxmch which are 
mainly electromechanical devices. Hence this is more reliable 
system and requires very little maintenance. 

4. Variable-Data-Length ? Unlike card;, there is no res- 
triction on the number of characters in a record. Continuous 
string of data can be stored. 

5. No Need of Code-Conversion ? Card-code and paper- tape 
are different from the magnetic tape-code, which gives rise to 
having a subsystem for code-conversion. The subsystem for 
code-conversion is not required in this case as the information 
can be recorded in the same code as that of magnetic tape. 

6 . Cheaper ? The input xanit works out to be cheaper than 
the existing card punch and the paper tape punch. Expected 
cost is about Rs. 6,000/-. 
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However this system has the following disadvantages? 

(a) Magnetic tape is more sensitive to dust-particles 
humidity and temperature. Installation of such units requires ' 
construction of a dust-proof room with airconditioning and 
humidity controls. Dust particles on the surface of the tape 
cause non -uniformity of the distance between the tape surface 
and the Read/l-^rite head. This would result in drop-outs. 

(b) Human updating is not possible because the recorded 
infomation on the magnetic tape is invisible to human eye^, 
whereas with punched cards, it is easy to pick out the desired 
card and examine it. 

(c) Sequential-processings It is not possible to have access! 
to a record in a file without passing all the tape upto the 
point where the desired record is stored. 

However in some applications advantages fer weigh the | 

disadvantages as in the case of? 

(i) commercial data processing? and 

(ii) operating data from chemical process 
where certain parameters are recorded 
. cont’ V '-''mplec* over certain 

time-interval) . 

This may not be useful in educational institutions where 
beginners- want to examine the recorded information. A beginner 
will prefer the puiKihed card. If the display of 00 character - 1 
information is associated with this input device, the cost 
will increase. In case- of commercial data processing this 
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display is not required. Expert operators don' it wait cind 
examine the recorded information while recording. Verifi- 
cation of the recorded information is accomplished separa- 
tely, 

1.2 OBJECTIVE OF THE PROJECT 

In a previous project^^''^^ a feasibility study for 
storing digital information on an audio-tape recorder was 
conducted. The objective of this project is to receive the 
information from the audio tape and store it on a digital 
magnetic tape ready for input to a computer. In the process 
of preparing the digital tape problems of verifying and of 
editing data have been investigated. The entire system thus 
consists of the following units; 

1. Input unit comprising a key-board and an audio-tape 
unit with necessary control logic. [1,2] 

%■ 

2. Interface unit to transfer the content of the audio- 
tape to computer compatible digital tape. 

3. Developments of EDIT and file-verification programs 
for editing and verifying the generated data-files. 

Auxiliary unit with the system is pcn-rer- supply unit com- 
prising four fixed voltage regulating circuits for -27 volt, 
-13 volt, +13 volt,&+ 3.6 volt. 
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Manual 
Data- input 



Figure 1.2; UNIT-1 



Figure 1.4; UNIT-3 
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Figure 1,5s UNIT-4 
1.3 HARDWARE-SPECIFICATIONS 

AS the previGUS. audio tape unit was not available in working 
order at the time the project was undertaken it was decided to 
simulate the output of the audio tape recorder by means of a 
programmable pulse generator. The proposal [1,2] was to run the 
audio-tape at a speed of 15 inches/second which would give output 
pulses with pulse-duration of 0.5 m sec and frequency 2KHz. This 
has been taken as the input to the interface unit. The output 
of the interface unit is a series of pulses in NRZ(I) form which 
is compatible for recording on a seven track IBM tape with 200/ 
556 bpi and speed of 36 inches/second. 
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1 • ^ SOFTmRE SPECIFICATIONS 

In case gf punched cards editing is easy as cards may be 
readily inserted or deleted. Punched paper tape does not 
have this flexibility but it can be spliced to add new tape. 

In the case of audio tape, editing is very difficult as in- 
visible data is stored serially on magnetic tape v/hich cannot 
be spliced at the exact place where nev/ information is required. 
Thus the information recorded on audio tape includes a serial 
number with each record on the tape. [1,2] Editing informa- 
tion to be edited is given at the end of the file. 

Drop-out of bits is encoiantered while recording on an 
audio-tape. This is overcome by storing a relatively higher 
frequency sinewava pattern, e.g. 2KH2 while recording tape 
speed is 15/8” / sec. T'Jhenever a record is mutilated and 

such drop-out is detected on play-back at the end. cf the record 
this incorrect ■ record is tc be discarded. 

1.4,1 EDIT and FILE-verifi cat ion 
Edit program has been developed to edit the recorded files. 
Its functions are tot 

(a) ADD a nuinber of records after the specified 
serial nvimber. 

(b) MODIFY a record 

(c) DELETE a number of records as required 

(d) STRAIGHT COPY the file, without any editing, after 

blanking the last four columns used for serial 
number in a record. > 


/ 


A file verification program has been developed tb compare 
records from two tapes digit by digit. Mismatch^-location is 
indicated. Records found in error are printed oj? punched out 
depending on the write-instruction. Assuming the probability 
that a well trained keyboard operator commits an error in 
keying is quite lov7, the probability of two operators commi- 
tting identical errors is still quite low. We can thus safely 
assume that wrong files are being compared or a record is 
missing in case more than four mismatches occur in consecutive 
records. This file-verification program skips the current file 
whenever more than four mismatches are found in two adjacent 


records 



CHAPTER 2 


REVIEW OF AN AUDIO TAPE STORAGE FOR DIGITALLY CODED 
ALPHANUMERIC DATA - A FEASIBILITY" STtTnv 


Unit-Specifications s 

lo Key board comprising 4Q keys 

2. Encoding matrix associates each key v/i '-.h a set of 

6 bits which are stored in a 6x30 bit-j^'uffer o Buffer 
content is written onto a steadily runv.ing audio- 
tape at 250 Hz. 

3. There is provision to modify the content of the 
buffer. 

4. IBM tape-codes are used [Appendix l) . 

5. Last four characters of a 80-character-record are 
reserved for serial number, trailing-end blanks 
are filled upto 76"^^ position. 

6. Information is recorded at 250 Hz after the tape 
picks up its steady speed - 15/8'Vsec. Tape 
recorder is equipped with a read head, a write 
head and an erase head. There is only one track 
for recording the information. 

i 

7. Drop-outs are detected by echo-checking technique 
in which recorded character is read back and com- 
pared with the Character which should have been 
written. In case of discrepancy, 2KHz sinewave 
pattern is recorded for 0.5 sec at the end of the 
record. 

8. NRZ recording technique is applied alongwith the 

clock information by using the teletype start-stop 
cQde. _ * 

Specifications of the output from the audio-tape, xfhich 
is used as input to the Interface-Unit are the following; 
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Output voltage is about 10 mV. Recorded v;avefonns are 
illustrated in Figure 2.1 



Figure 2.1; Recording of a character - 001101. 






















CHAPTER 3 


INTERFACE-UHIT 


3.1 INTRODUCTION 


The signal obtained from the audio tape head is detected 


by means of peak sensing technique, 
is to be made to detect drop-outs, 
in Figure 3.1 can be used. 


,/ N, 

Is 


During reading, provision 
Thus the method indicated 
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Figure 3, Is Read the audio-tape content 
NRZ waveform can be obtained from output pulse-train by 
means of the following method. This vmveform. is the replica 
of the recording-current . 


Output t..,. 

pulsesXX* 

(negative) 
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ERZ waveform 


Figure 3.2 

Figure NR z form 
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3.2 READ A CHARACTER 

Input to the interface unit is a pulse-train in NRZ 
recording as shown in Figure 2.1(a). When a new character 
is recorded a start-pulse precede the coded character which 
is followed by a stop pulse whose v/idth is 1 - 1/2 times the 
width of the coding pulse. 

The circuit to generate clocks v/hen a new character is 
read is given in Figure 3.3, 

Start of a character changes the voltage level to logical 
'1'. In the beginning all the flip flops are cleared. So 
long as IN (Input) is at 'O', level, EC-7 is '1' and EA is 'O' 
and the gated astable is disabled. As IN goes to '1' level, 

EA becomes and gated astable GA 1 is enabled to give clock 

of period 0,5 ms. This clock is fed to the count of 7 which 
assures atleast one of 02 ^- Q 3 is '1', Sc, EA is '1' 
till 7^^ pulse. 8 "*^^ pulse is^stop-pulse at 'O' level. After 
7 pulses, counter is cleared and all of ^ 2 ^ ~3 'O’, 

IN is, also 'O', hence EA goes down to 'O' level, which disables 
the gated-astable M.S. 1 -s triggerred at the negative going 
edge of the G.A. 1 output pulse. This is the clock used in 
subsequent operations . This is repeated when another (positive 
going) prthBi-start pulse occurs , 








(clock) 



^2 

Q3 

CD-'? 

EC- 7 

EA 


CLK^ 
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n 
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Negative transitions at Q 3 from ’1’ to ’O' are counted 
try a Read/Ilrite counter which functions as a count of 80 
during read-mode and as a count of 81 during write-raode. 

Check-bit flip flop of the parity generator should ba 
cleared before the next character starts „ At the negative 
transition ref EC7x<^hich corresponds to the sta.-'t of a new 
character, edger gives out a short pulse to clear-direct 
the check “bit flip-flop to make it ready for generating the 
parity -bit for the next character. 

Timing diagrams are shown in Figure 3.4. 

Overall frequency change while reproducing is about + 4%. 
Deviation of the occurrance of the last pulse from its correct 
occurrence time will be 

= 7 * 0,5 * .04 msec 
= .14 msec. 

Clock lies in the middle of i±ie pulse duration to assure 
the reading of the bit -pulse. 

^•3 NEW CLOCK AMD NE>7 MODIFIED INPUT 

To generate the parity bit, a pulse is required for each 
occurrance of '1'. This is obtained by ANDing IN with clock. 
Clock and this modified input have a positive pulse corres- 
ponding to the start pulse which is to be suppressed. Method 
to generate new clock and new m.odified input is illustrated 
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in Figure 3.5. Timing diagram for CLKj^ (new clock) and 
Mn (new modified input is shown in Figure 3.4* 



Figure 3.5? New Clock & New Modified 
input 

3.4 PARITY-GENERATOR AND STORAG E FOR 7 i_CHARACTER 

As illustrated in Figure 3.6, toggles the check-bit 
flip flop whose output is '1' for odd number of I's and ‘O' 
for even nujnber of I's in the character just read from audio- 
tape. Bits following the start pulse are shifted in the 
6-bit shift register. Thus vje get 7 bits for a character 
which are ready to be transferred in parallel into the buffer. 
But buffer-input Icgic level is different from that of the 
flip-flops in the parity generator, so a level shifting net- 
work is required. 

3.5 GENERATION OF CLOCK FOR MOS BUFFER 

Two clocks are required to transfer the data into the 
MOS-buffer and shift the data internally. Figure 3.7 illus- 
trates the generation of such clocks <t>i and 4>2 during READ 
and WRITE mode, M.S.-3 and M.S,-4 are tvjo monostables which 




Figure 3 .6; Parity Generator and Storage for A Character 
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are 

triggered at the positive and negative going edge of the 
pulse output of M.S. 

During read-mode (w=l) , a character is to be transferred 
after adding the check-bit. Hence M.S. 2 is triggered when 
R(Q 3 ) of count of 7 rises from '0' to In case of write- 

mode, buffer-content is transferred to xvrite-heads at the 
faster rate than the transfer-rate during read-mode. G.A. 2/ 
G.A. 3 produces a train of 01 pulses which are used to trigger 
M.S. 2 cind then M.S. 3 and M.S, -4. G.A. 2/3 is enaJDled whan 
W=l. Information packing density on digital magnetic tape 
is selected by SELECT-DENSITY-Switch which enables the 
desired G.A. It takes 16.2 msecs to transfer the buffer-content 
onto digital magnetic tape at low density, vrhile inter- record- 
gap is about 62.5 ms. Thus R and G will never occur simul- 
taneously. 

3.6 READ/VJRITE COUNTER 

80 characters are to be stored during READ-mode, In 
write mode, a horizontal parity is also added after trans- 
ferring 80 characters. Figure 3.C illustrates a counter to 
count 80 in read-mode and 01 in v/rite-mode. Horizontal 
parity is added by clearing-direct, the write-head flip-flop. 




Figure 3.B; READ/l^IRITE counter 
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State 0000101 represents 30, whereas 1000101 represents 
81. Negative going transition can be used in READ-Snode 
only to enable the tape drive circuit. Digital tape takes 
about 5 milliseconds to pick up the steady speed. M.S. 

5 is triggerred to introduce a delay of 5 milliseconds . 

Flip flop 'w' is toggled after 5 milliseconds to make 
w«l« This will enable the G.A. 2 or 3 to produce 81 count 
pulses. Signal to tape drive circuit end to M.S. 5 is to be 
inhibited during write mode. Flip flop 'w' is cleared 
whenever count of 00 or 81 is over. 

3 .7 BUFFER STORAGE 

A buffer is required because of the speed mismatch 
put 

between the out /of the audio tape and the input requirement 
of digital tape. 

‘ TMS-lB, 3016-LA, dual-16 bit static shift register is 
used for this purpose. Details about the shift register are 
given in Appendix 4 . 

3.8 NRZ (I) 

Information on an IBM digital magnetic tape is recorded 

in NRZ (I) form. Every transition of an NRZ (I) waveform 

corresponds to "I '-bit of a character. By ANDing the buffer 

"ioutpUt with $ , we can get a pulse for every '1' bit. Such 
2 











•Pi (jure i3. 9' (c) 

^ ' A , *. 


lZ\^k>Cl^nxari to - 
ejrom, thoi NF.Z 

« rt ■ 


OXjjfcput 


Npi (3. )■' 
of th'c 


form 

buffer. 



Output cf 
the buffer 



Figure 3.9(c) ; Timing diacrrc?^ for ^.,7 data-out 
and NRZ(I)” 


a pulse-train is used to toggle the write-head flip flops 
as to obtain the MRZ(I) pattern. 

Information on tape; 

Vertical 

parity ri®”^ character 



^fl, if number of I's in the row is odd 
^ "^0, if niamber of I's in the row is even. 

81®^ character consists of horizontal 
parity bits. 



CHILPTER 4 


EDIT and FILE-VERIFICATIOM 

4.1 Scftx"7are programs are developed to edit files amd to 
verify the data in a file. These programs have been written 
in SPS language and tested on IBM 1620 at the Computer Centre, 
Indian Institute of Technology, Kanpur. 

Before we proceed further, we define a few terms s 

File-reel ; digital tape-reel from which information is read.; 

Take-up reel ; digital tape-reel on which information is to 
be written . 

Command- re cord ; an instruction record in the edit-file. 

Program-records consists of tv/o sets of characters-first 
set of 76 character-information and second set of last 
four character-serial number V7hich is used to facilitate ! 
the editing of a file. 

Data-record s contains SO-character-information. No serial | 

number is given . i 

Thus a ' computer-provgram’ x-jill have ’program-records' i 

I 

(a set of instructions) and ’data-recorcis ' . i 

4.2 EDITING ■ i 

Editing of a file may involve the foilov/ing main fianctions; i 

1, ADD a number of records after a specified record- 

number in a file. | 

2. MODIFY a record of specified record-number, or i 

replace the record of specified record number by ! 

the given record. 
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delete a mimber of records of specified record 
nuinbers". 

4. COPY a file. 

All the reords are written on the take-up-reel after 
blanking the last four columns. 

EDIT program can perform the above functions according 
to the edit-infomaation supplied by the user. 

4,3 ASSmiPTIOMS 

Programs have been developed a.‘£suaii.ng certain common 

things so as to make the programs compact and fast-run. 

We assume that the user will read his/her 'program' 

starting from the first instruction. Hence edit-information 

supplied by the user will be in ascending order. For instance 

File-identification number 
ADD 2 records after n^ 

moo *00 

ooo *oo 0«e 

DELETE 3 records n^ n 3 n 2 
MODIFY a record * n 5 

a 0 o eoc «*o 

o 

» 

End of edit 

Here n^^ < n 2 < n 3 < n^ < n^ . 

File reel is mounted on tape - 0, and take-up reel on 
tape - 2. Content of the file-reel i? in the following form; 

;TM;Pf j_sTIhEf j ;TM;TM; 

where 

TM = Tape-mark 

Pfi = i^ program-file 




Efj = Edit-information for program-file 

i 1^2^3^000 

3 1 i 

First record is a tape— mark followed by a set of records 
of a 'program' file or 'Edit-file', Two files are separated 
from each other by a tape-mark. Edit-file can be written 
anywhere after the corresponding program-file. End of the 
files is indicated by two consecutive tape-marks. There 
need not be ciny edit information in case editing is not re- 
quired. 

4.3.1 Sense switches are used for fast processing and 
keeping some options to the operator. 

Sense-Switch 1 (SSI); 'ON' implies straight-copy assuming 

no edit-information, 

'OFF' implies that edit-information 
has been furnished. 

Sense-Switch 2 (SS2) ; 'ON' implies that editing of a 

specified file is required, 

'OFF' implies that no file-number 
is specified. 

In case of SS2 'ON', operator is required to vrrite the 
desired file-number on the console typewriter. 

4.4 EDIT- INFORimTION 



Figure 4.1; Format of a command-record in an edit-file 
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XX is a numeric code for edit”Operation. Lise of such 
codes is given below s 

Code Edit-operation 

00 Copy the file (a redundant provision) 

05 ADD 'YY' records after ni 

10 DELETE 'YY' records specified as n]_jn 2 <:... 

15 MODIFY a record n^^ 

99 End of edit file, 

YY denotes the number of records 
nj^ is a four-digit serial ntrnber 

First record of an edit file is same as that of the corres 
ponding 'program' file except in last five positions. Last 
five places are reserved for EDITO to EDITl. 

EDITO implies that it is the first record of an edit- 
file, but no further edit information is furnished and the 
straight copy of the file is desired, 

EDITl implies that it is the first r^oord of an edit-file 
and edit-information is given, 

4,4.1 EXECUTION 

Whenever the first record containing the file identifi- 
cation number of a program file is read, it's stored in the 
memory and the search for the corresponding edit file is made. 
In case it's found with same file identification number 
and EDIT written in 76-79 positions, the whole edit file is 



dumped into the memory and the tape is brought back to the 
previous 'program '-file. Editing takes place and each 
record undergoes the operation of blanking the last four 
positions which were used for serial-'number. This blanking- 
operation is necessary to make the records computer proce- 
ssable, 

EDIT program can point out the following unusual con- 
ditions during the execution; 

(a) Excess records after the command- re cord. 

For instance; 

ADD 2 records after n, 

THIS RECORD IS ADDED 
THIS RECORD IS ALSO ADDED 
->■ LOOK, HERE IS EXTRA RECORD 
MODIFY a record no 
MODIFIED record 

' 0 
o 

o 

First command-record is required to be followed by only 
tv;o records. Third record is in excess, 

(b) Inadequate-information - 

For instance; 

AiDD 3 records after n^ 

ADDITION OF ONE RECORD ONLY 
DELETE 3 records 

After ADD-instruction, only one record is given instead 
of 3 records. DELETE - instruction has only n 2 _ and n 2 
record-numbers. Third record-number is missing. 























Figure 4.1(d)-' DELETE operation 
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(c) 'TAPE IS BAD' is typed out in case it is found so 
after a fixed number (10) of trials. 

(d) If the specified file-identification nxmiber is 
not found on the file-reel, it is pointed out with 
the following messages 

' XXXXXX/ YY is NOT ON TO'. 

End of edit is indicated by $0VER$ being typed out 
on the console typevrriter. 

4 . 5 FILE VERIFICATION 

Punched cards are verified on a Verifier machine which 
is similar to the card punch except that it is equipped with 
a sensing device to only read holes. Punching does not take 
place during verification. 

In case of tape recording, data of a source docviment 
is recorded by two operators independently. These two data 
files are mounted on tape-0 and tape-2. 

Records from each tape are read and compared. If there 
is any mismatch in particular position, it is pointed out 
through punch-output or through print-output. A $-sign is 
written just above the character found in error (unequal). 
Record position after the file identification number and 
the location numbers v/here the unequal characters are 
found*are also ■wveiatio’ne^ > 

Pile-verification can point out the folloi^ing conditions 
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S££££^£_JHrSKiatched 


Both the records are written 




q. ij)* 


•=»J.yu dLDOVB 


every location of mismatching. decora 
tions in error are also pointed out. 
For instance 


"Positions and loca- 


0007 COB.- 7 10 
$ $ 

143.72612^83.2 
143. 727)2^80.2 

This points out that there we mismatches in columns 
or positions 7 th ^nd lO^h ^ 3 ,ecord which is at the 7 ^^ 
place after the file-identification number. 

(b) EecordB in excess on a tap© are written out with a ^ 

(record mark) written corresponding to the other tape, 
e.g. 

;^3-56 3.02 7.845 

fi 

This points out that there is an extra record on tape- 0 . 

(c) Utmost 4 mismatches are allowed, if there are more than 
4 mismatches in two consecutive records, current file is 
skipped and next file (if any) is to be verified. The 
message written out is 'HEAVY MIS fWH OMi>mRDS'. 

(d) End of file-verification is indicated by $0VER$ being 

written on the console-typewxriter. ■ ’ 

Mode of outputs Output can be on punched cards or 

on console typewriter. 

Sente-switch 4 (SS4) j 'oig* implies the output on punched 

carrds. 
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'OFF' implies the output on the 
console typewriter 

4.6 DA TA CORRECTION 

After file verification, the mismatch information is 
received by the user. It is user to verify the records 
and to furnish the information for data correction on any 
one of these tape reels. Preferably tape with minimum 
number of wrong records is selected. 

Program for data correction is included in the EDIT- 
program. Data correction program in the EDIT is executable 

I 

when SS3 is ‘ON’. It is similiar to the MODIFY- subprogram 
except that records are to foe counted as no serial number 
is given. 

When record is read from data reel, record-counter is 
incremented and compared with the specified number. Tape is 
backspaced if both the numbers are found equal and the 
data record given in the data correction (tfodifying) informa- 
tion, is written over, 

4,6.1 Data reel is mounted on tape-2 and the modifying 
informations on tape-0. 

Form.at of the modifying information 

TM MI s TM 

or ■ ■ ■ ^ ^ • 

MI 3 TM : TM 

where TM = Tape mark 

MI = Modifying information. 
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Modifyirn^^ mfonustion lusy b© foir ssv 0 irsl filss. It is 
in th@ sscjusnc© of tbs irscomsfi filGs« A fiXs coiriQsponfXing 
to which no inod.ifying' infoinnation is civsn is skipped. 

Format of the instruction record is as below? 

1 12 7376 77 00 

$UUUUUU/XXYY ... n2 

$ indicates the start o£ a new file of given file huftiber 
in the next 9 places . 

UyuuUD “ 6 -character -user humber 


XX » 2-digit file identification number 
YY ss Number of records to be modified 

For continued modification in a file, a new instruction 
is added whose format is as below 


12 3 
= Y Y 


73 76 

^2 


77 

^1 


80 


sign denotes the continuation of the modifying informa- 


tion, 


YY = nuiTber of records to be rr.odified. 


= 19 

max 


^ l ''^2 


. are the record positions after the file identi- 
fication recrd. These numbers are in ascending order. 

JL # © ^21 ^3 ' * ® * ■ 

Each instruction record is followed. by the specified number 
of data records which are required to replace the records at the 
specified positions. 



CHAPTER 5 


POWER SUPPLIES 

UNIT~1 and UNIT-2 required four stablised power supplies 
of the voltages -27 volt, -13 volt, +13 volt and +3.6 volt. 
Power supplies of satisfactory regulation upto 1.5 amp have 
been designed and fabricated. A. current limiter has been 
used to limit the current to 1.5 amp. A flip flop is used to 
bring the series power transistor and the associated driver 
transistors in the cut off..vw ca&e oMey-Wi . 

5.1 PRINCIPLES OF OPERATIONS 

Circuit diagram is illustrated in Appendix 6 « Basically 
a series voltage regulator circuit has been used. Comparision 
element of the circuit is a difference amplifier which compare 
the voltage of the reference-zener with a voltage proportional 
to the output voltage. The change in the output voltage is 
reflected as the change in the base current which in turn 
changes the emit ter- cur rent. Increase in the output voltage- 
corresponds to the decrease in the base current of the driver 
transistors and also to the decrease in the emitter current 
of the series power transistor. This will lower the output 
voltage to the normal value. Thus the output voltage is 

regulated. 
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5 . 2 OVERLOAD PROTECTION 

Cuirirent liiniteir limits the current through the series 
power transistor so as to protect from the overload and 
short circuit. Considering the change in Vgg of the power 
transistor with the increase in the collector current (Iq) t 
we suitably choose the series reistence (say about 0.2ft) and 
the number of diodes connected between the output line and 
the base of the (lower) driver-transistor. 

As current increases, voltage-drop across the series 
resistence also increases and at the limiting current value, 
diodes are forward biased. The current through the diodes 
is also limited because of the constant current source. As 
the V| 3 £ of series transistor becomes.- cons tan t due to forward 
biasing of the diodeshj Ho further increase in current can 
take place hence load current becomes constant and power 
supply acts as a constant current source. 

Power transistor is heated due to constant power 
dissipation and may be destroyed due to thermal-rmaway, which 
may occur when the rate of increase of collector junction 
temperature exceeds the ability of the heat sink to remove 
the heat. 

In order to reduce the wastage of power and protect 
the power transistor from thermal -runaway , an as symmetric 
flip flop has been used to bring -the series transistors in 
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' CUt“Of f ' . 

Let 

V = output voltage 
K = sample ratio 
Vtp = threshold voltage 

In case of overload or short circuit, current limiter 
limits the load current and hence output voltage goes down. 
WhenKV £ V,j,, Tj, goes in saturation and D becomes forv;ard 
biased to bring series transistors in ' cut-off 

In normal condition is 'ON' and is .'OFF' while 

in short circuit condition T ^ is 'OFF' and T - is 'ON'. 

r 6 r 7 

To regain the normalcy after removing the short circuit 
or overload, a push button is pressed to give a positive pulse 
in case of pnp transistor or a negative pulse in case of npn 
transistors of the flip flops to the collector of the 'OFF'- 
transistor. This change the state of the flip flop and X'iJ'ill 
be reverse biased. Then voltage-regulator starts re functioning, 

Capacitor €3 helps short duration pulses die-out so that 
unwanted transition does not take place. 

Figure 5.1 shews the output V-I characteristic of the ^ ^ 
power supply. With change in load current there is very small 
change in the output voltage in the normal working region. 
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When load current exceeds the limiting current value, the 
power supply acts as a constant current source upto a certain 
voltage threshold, where flip flop operates and. load current 
falls to which is of the order of 30 to 40 mao 

5.3 DOUBLER 

Doubler is used to get higher constant voltage to bias 
the constant current source. This arrangement reduces the 
output resistance and hence improves the voltage regulation 
for all load currents. 

5.4 Heat sinks have been made of aluminium and black anodized 

to lower its thermal resistance. Heat --sinks are vertically fixed 
in the container which reduces the thermal resistance by an 
order of 10% because of increased convection. Heat-sinks 
of two different designs have been fabricated. Transformer 
required for these power supplies, has also been designed and 
fabricated. 



Load Current 

Fic’ure 5,1s Fold— back char a.cterr sties 
’ of power supply. 
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modification suggested 

It is felt that the use of a flip flop for overload 
protection requires manual resetting after removing the 


overload or short circuit. 


of a Kionos table instead of 


a flip flop will automatically reset the 
removing the overload or short circuit. 


power supply after 



CHAPTER 6 


CONCLUSION 

Th© intsirfsc© unit cl6signed. as pait of this thesis func™ 
tions satisfactorily. It is felt that it is difficult to 
read. “"back the si 9 'nal froiti the audio tape accurately by apply— 
in 9 ^ the NRZ (non -return to- zero) recording technique wherein 
loss of one positive pulse might result in the loss of many 
bits. Frequency modulation technique for recording on audio- 
tape would increase the reliability of the recorded informa- 

4* *1 f%ri 

Check-bit should be added to the 6-bit code. Thus a 
character comprising 7-bits should be recorded on the audio- 
tape . 

In the present interface unit, if a write check occurs 
while writing on digital tape there will be a problem as we 
want to run the audio tape continuously. The problem may be 
solved by adding another buffer in the interface unit. Consi- 
dering 200 bpi, it takes 16.2 ms to write a 80-character 
record on digital magnetic tape, whenever write-check occurs 
tape is to bo backspaced and the same information is revrritten 
This takes 70+16.2 = 06.2 ms. We can try 3 times to write 
the information. In case of a 3rd write check, it would be 
required to erase forward which takes about 115 ms and same 
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information is rewritten. At this point, 3*86.2+115+16.2 « 390mse 
would have olapsed while available time is about 402 ms. If a 
write check occurs while writing after erase forv;ard, tape is 
assumed to be bad and further processing is stopped, if no 
write check is encountered, the job is complete. 

The proposed system is particularly suited for data recording. 
The verification and edit programs give the system more flexi- 
bility compared to the punched card system for data. 
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IBM 

TAPE 

Character 


Code 




C 

B 

A 

0 

4 

2 1 

0 

0 

0 

0 

1 

0 

1 0 

1 

1 

0 

0 

0 

0 

0 1 

2 

1 

0 

0 

0 

0 

1 0 

3 

0 

0 

0 

0 

0 

1 1 

4 

1 

0 

0 

0 

1 

0 0 

5 

0 

0 

0 

0 

1 

0 1 

6 

0 

0 

0 

0 

1 

1 0 

7 

1 

0 

0 

0 

1 

1 1 

0 

1 

0 

0 

1 

0 

0 0 

9 

0 

0 

0 

1 

0 

0 1 

« 

1 

0 

0 

1 

0 

1 1 

» 

0 

0 

0 

1 

1 

0 0 

+ 

0 

1 

1 

0 

0 

0 0 

A 

1 

1 

1 

0 

0 

0 1 

B 

1 

1 

1 

0 

0 

1 0 

C 

0 

1 

1 

0 

0 

1 1 

D 

1 

3. 

1 

0 

1 

0 0 

E 

0 

1 

1 

0 

1 

0 1 

P 

0 

1 

1 

0 

1 

1 0 


CODE 

Character Code 



C 

B 

A 

6 

4 

2 

1 

G 

1 

1 

1 

0 

1 

1 

1 

H 

0 

1 

1 

1 

0 

0 

1 

I 

0 

1 

1 

1 

0 

0 

1 

9 

1 

1 

1 

1 

0 

1 

1 

) 

0 

1 

1 

1 

1 

0 

0 

- 

1 

1 

0 

0 

0 

0 

0 

J 

0 

1 

0 

0 

0 

0 

1 

K 

0 

1 

0 

0 

0 

1 

0 

L 

1 

1 

0 

0 

0 

1 

1 

M 

0 

1 

0 

0 

1 

0 

0 

N 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

P 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

R 

1 

1 

0 

1 

0 

0 

1 

$ 

0 

1 

0 

1 

0 

1 

1 

* 

1 

1 

0 

1 

1 

0 

0 

blank 

1 

0 

1 

0 

0 

0 

0 

/ 

0 

0 

1 

0 

0 

0 

1 
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C haracter 


S 

T 

U 

V 


w 


Code 

C B A ,0 4 2 1 

0 0 1 0 0 1 0 

1 0 1 0 0 1 1 

0 0 10 10 0 

1 0 1 0 1 0 1 

1 0 10 110 


Character 


X 


Y 

Z 


( 


Code 

C B A 8 4 2 1 
0 0 10 111 
0 0 1 1 0 0 0 
1 0 110 0 1 
0 0 110 11 
1 0 1110 0 


Maure A.l: 7 Bit codes for the 4G 

characters as they should 
appear on the digital tape. 



appendix 2 

FREQUENCY MODULATION 

in frequency mcdulntion , the writing currents and hence 

t;h6 reccrdcc?. flux changes direction in the middle of each 
bit being stored and does not change the direction in the 
middle of ench bit period i'f 'O' is being recorded. Flux 
always changes direction between each bit period. Thus the 
recorded pattern is froguency modulated between f for a train 
cf O's nnd 2 f for a train of I's. Value of the output digits 
is doterroinud by MDing the read voltage with the clock. 
Concidence with zero output voltage indicates 'O' bit and 
concidance with either positive or negative pulse represents 
a , 


Advantages; 

1, PM provides more redundancy than NRZ method. 

2, bpi 5 ppi <_ 2bpi 

bpi *s bit per inch, ppi = pulse per inch 
This pulse denisity pass band minimizes low frequency 
base-line distortions. Definition of signal peaks is improved. 

Above reasons insure the RELIABILITY of frequency modulation 
recording, " , 
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1. 1. T. kaSpur,’""” 

CENTS 4a t 
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f 


3. Ualana,..; raoorfling currant allows 

writc-htjr.:l with n transformer without the 


us to drive the 
need for d-c' 


rostornticn. 


PoCv'.'nk.H . 
fJ’JX +(,*1 

-4 



V 


Foail 

Vu'ltn'jw 


V 


Cl. ck 



Figurii 1.. 2 ( 1) 3 Rocordinr by frequency 

mcdulaticn technique and 
tlie read voltage wave form. 



APPENDIX 3 


CHAimCTERISTICS OF TAPE TOIT 7330 USED WITH 

IBM 1620 

Tape spued = 36 inches/sec 
Select Density 

Low; 200 bpi 
High: 556 bpi 

I 200 bpi period of the clock = 138.89ysec. 

Buffer ~ transfer time = 01 * 138 « 89 

(00 chrncters plus 
horizontal parity) = 11.25 m sec 

§ 556 bi'i period of the clock = 49.959 ysec 

« 50 ysec 

Buffer - transfer time = 4,0456 msec 


iicorcT” ' WIio'"lDeIiy Forward Forward tast''cardl Record 

to be I Stop stop written &| 

written* 5 msec 4 msec Delay checked [written 

I 6 .6 ms 8.3 ms | 

f 

Total time required for 

start and stop of the tape =23.9 msec. 
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APPENDIX 4 

INTEGRATED CIRCUIT SHIFT REGISTER SPECIFICATIONS 

MOS integrated circuit Dual 16 Bit static Shift 

Register „ 

Type TMS IB 3016 U, 

Description 

The TMS IB 3016 LA consists of two separate 16 bit static 
shift registers with independent input and output terminals; 
and common clocks, power and ground. Two pov;er supplies and 
two eKturnal clocks are required for operation with a third 
clock gunoratod internally. 

Transferring data into the register is accomplished when 
the clock is at a logical 1. Shifting the data occurs when 

tho clock is momentarily pulsofl to logical 1 ana the 91 ^ clock 

to logical 0. For long term data storage, the clock must be 
held at Icxjical 'O' and 0^ must be held at logical 1. 

Output data appears on the negative going edge of the 02 dock 
pulse » 

Recommended operating conditions s 



~T!IEr 

l^A,X ■ 

TOi: 

Supply vc.ltagc 

-12 "13 

-14 

V 

Supply velfcago Vq^ 

-26 “27 

-28 

y 

Width of data pulse t^Cdata) ■ 

0.4 


m 

width of clock pulses 

0.4 

T A 

•US 

tp( clock 0^) 

' 'X'O 

tpclock (»j) 

0.4 


us 

















5C (a.) 


'rable;: 

Values of 

Components 

Used in Power 

Supply 

Cc.-rari >nen ta 

•27V 

“13V 

+13V 

+3,6V 


510^1 

... 

■ 5ion 


'■^2 

5 ion 

- 

6 Don 

„ 

(vnriliMt'* 

soon 

2KQ 

5000, 

5000 

i:cai«t:ancu) 


6 Don 

240n 

1500 

1000 


7 son 

560 Q 

6 GOO 

2400 


0,11'n 

o.ioa 

0,100 

o.icn 


51 on 

5ion 

5100 

5100 


2 50 on 

7oon 

6000 

750 


7.5K 

2.2K 

1,0K 

7500 


5. IK 

4.3K 

5, IK 

3 . 9K 

KlO 

56K 

27K 

22K 

2K 

K.. . 

lOOK 

30K 

27K 

lOK 

10' 


3 ,9K 

2K 

1.5K 

27Q 

.M 

*'*13 

or. 

12K 

300” 

2400 

^*14 

OOK 

6 OK 

5SK 

, 6CE 


15Q0K 


4000 


i: * r. 

1111501 

1N1581 

1H1581 

1N150 


SCO 51 


EC051 

ECO 51 

Dc 

CD31 

■ 

CD31 






lOOOUf 



S'cih) 


C'V'mj.H nt.'ntij 

"27V 

~13V 

4- 13 V 

+3 0 6:V 

^2 

330i.jf 

330pf 

330pf 


r , 

20000 yf 


4500uf 


» 

ij 

126. nv 

126.8V 

127,5 

123,3 

Z,~ 

A 

123.6V 

123, €V 

123, 6V 

123 „5V 

m 

«3 

S2131 


SZ131 


ff 

Z 4 

126.2V 

126. 2V 

126, 8V 

1Z3,3V 

'^rl 

2N1905 

2N1905 

2N5037 

2N5037 

ffl 

lr 2 

SKIOO 

SKIOO 

CIL452 

CIL452 


2N325n 

2N995 

CIL452 

CIL473 

^•rS 

2N363 

2N363 

2113638 

2W995 


2M325C 

2H3638 

CIL511 

CIL453 
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Figure A.6(l){ Circuit of the 
Eionos table 


MS 

1 

2 

3 

4 5 


▼ 

+376V 

-llv - 

-2lV 

727V +3. 

6V 

v 

•'•13V 

+13V +13V 

+13V -"ISV 

• ISms 

5ns 

Sna 

ISiiS Sms 

T„’i 

„rA; 

CIL732 

2N995 

2N325 

Sn3250 CIL732 

^12 







lM27n 

1N270 

1N270 

1N270 

1N270 

U 

ISK 

62K 

lOOK 

lOOK 

lOK 


1»jK 

5C'K 

150K 

150K 

3 . 2K 

Rv 

5, IK 


- 


3.3K 

f>UOK 

39 DK 

6bOK 

CaOK 

470K 

^C2 

Cp 

c* 

BaovJh 

5 . IK. 

ICK 

lOK 


laoE 

ICiOK 

lOOK 

lOOK 

2 7 OK 

3'Jpf 
, 0 In f 

7»Spf 

22pf 

22pf 

39p.f 

7.50,' 

UO^f 

lOpf 

lyf 

cr 


7-70nf 7- 

I’-lO'gt 


w 



70pf 


390pf 


22pi: 

SCpf 

39pf 

39pf 


T.'iblc Component values of Monostables 

50 




V 


cc 


, 1 , 








li“ 

:;v 

# 1 #1 

' r 

'j 

c 


Fi.tjurij A, 6 { 2 } 


Circuit cf 
Astable»' 


the gated 


+ i . 6V 
C . 'imr. 
C.'II.7:^2 
iH27v) 

6f'; '■^hm 
1.5K 
I OK 
3. 3K 
i .‘JK 
1 . 2 K 
Gncohpf 
I'j.noopf 


+ 3 . 6 V 

lOys 

Ci:.L 732 

1 M 270 

750 :ihm 

2 K 

Ts,2K 

3 . 3 K 

3 . 9 K 

1 . 2 K 

47 ’J 0 p£ 

enoopf 


+3 , 6 V 

140ys 

CIL732 

1M270 

750ohin 

3K 

12K 

3 . 3 K 

3.9K 

1,2K 

6000pf 


eooopf 




Compcnont values of 
gated astables 



^PENDIX 7 


IC‘S USED IN THE PROJECT 

The IC*s used in this project belong to theMRTL family 
of resistor-transistor logic. The 'Function and Character- 
istics' and the 'Maximum Ratings' for the IC's used are given 
in Table 1 and 2 respectively. The logic diagrams are shown 
in Figure A-1,1 to A-I.5. 

Table Is Functions and characteristics 

Vqc = +3.6V+10%. T^=25'»C. 


Function 

Nwibcir 

FM-OUT 

Each Output 

Propagation 

Delay 

type 

l)btal Power 
Dissipation 
mw type 

Quad 2“ 

Input 

NOR Gate 

BC024P* 

5 

12 

100/50^ 

Dual 4-1 ut 
NOR Gate 

MC825P 

5 

12 

60/15^ 

Hex-Inverter 

MCOOSP 

5 

12 

130/15^ 

■MU 

MC090P 

3 

35 

102/158^ 

Dual Duffer 

?C099P 

25 

15 

50/90^ 


*Suffix P denotes Plastic 1. Inputs High/Inputs ^ 

Package* 2. Only clock inputs High/Inputs Low 
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ST;nBOL 


Input Volt.'.f.o 


po‘'or buppl.'/ 

1 ' fsd ^ lJoc ) 



ator.;:o Tc, ipcr'.'turc 

H '' n - -0 



VALUE 

UIJIT 

±k 

Vdc 

-fia 

Vdc 

0 to 75 ^ 

1 


-55 to-hi25 

°c 


HOTS I In 'll! Lo.uic Di'-^.runo Dhown,nu.'4.bOTs s.t onds of tex-oinals 

i'oWft.’.Cfit'pin nu -btivsfiiUi.'iber in parenthoois indicates ioading. 



12 ( 5 ) 



10 ( 5 ) 


a:‘VT< -i.i ti.n; lo oi r.T 
ol' -ikir iiO'i G'to 

r . oa25f 




(1)9 

( 1)10 

( 1)12 

( 1)15 




?i^:’ure ; Logic Diagr 

Ox '-'Uac. Input I‘ICR G3.t0* 


V>4 






















a.nirt} *Lp lo i)i "'r;su oX' 

1 o.i liJver wci%400o9i? 



4-1 4 9 jLo„ i« Di. 'T'-i 01*’ 

iJn.'l J~K Klip-Plop. 
, ;C.V;ui- 


CLOCKED I.-ItUT ’0P£.iiTI0I^^ 



£^1 

^u+1 

L. ^ ^ ; 

s 

n 

V 

0. 

a 

1 

X 

i 

.. 5 


1 

0 

1 

0 

0 

1 

0 

1 

0- 

r 

0 


.''•v 

, ■. ’^n , 


1 . Direct li-iput(CQ)au 3 t be low, 

P.^riio ti.'ie period prior to tlue 
lae-’- tlve trrrtnition of the 
clock niilic is demoted tj^snd 
the ti'..ie period subcscuent to 
this trrncition is denoted 

> 




tho 


^<3 of Cit oiAtput in 


to© tL:ie period 
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EDIT 


.* X •)! ■!; X J< )(• )( r. K' -A ). 


;U‘;s-.AUL^ 


10“.:l)LLETr 15-MODIFY 00 = CopY 99 = EN0 OF EDIT 


99= END OF edit 


•)f "X ')c is A’ X )i 'k 'X X K If Vv “A 

■kOo 

#05XX 

#10XX 


o Ci o ' c o g Q o c C' o o o g g 


; .y„ .v^ ^ ^v_ ^ .v_ ^ -V 


“Il' ||. » 


:c99 

4fttG] 33/0 1 'Eti « 

):-l..:Ff.l 3 3/01 Eli'Ti 

X r.El.p SWrrcH-3 on EoR straight modification of the data file 
).' MODIFyIMC information is as below » 

•X 'I.E.LG133/XXYY IS THE FIRST RECORD sXX IS THE FILE NUMBER AND YY IS THE 
)f NUMBLf? OF THE RECORDS TO BE MODIFIED , RECORD-POSITIONS ARE MENTIONED^ 

■X AT THE End of the pECoRD in An ascending order from right to LEFTo 

X IF number of the records is more than IAmORaDDITIOMAl records Are to b 

* MOUll lED , next record STARTS WITH 

# =YY , ^indicates comtinuation^yy is the number of the records 

ji' ||. -If ji~ .)*. -X‘ -K- •)(* ii- ’/f ¥s ft ‘X‘ t/ "^C- )ir ik -X'' '){■ ■Y<' Yc •')f Y’ ')ir -jy Y Yr *)f -)f -Jf 4 ■)(•■ Vt Y: Yk' Yc '■X“ ')f -X- R'f Yr -Jf- Yr YY:Y:Y YYYr^^YrYrYc-^ 

start rcty 

BC3' ^+36 ' i 

WaTYMESI 
B * + 2A 
WATYMES9 

rcty 

H i 

RE wo 

REV.'/ 

IF RI.ADIN + 160 ,RCMK 

wTm dc3 mqufst » 9 , coctcfcticc: i ' 

WTF,/ 

BmWC.x+36 * 


!• WIN 

TF jF'i "t 160 9 RCmK 
TMK RMl Rl: AD in-1 

BrIX. X + AA 
HTI'1 RDCk.j-:h-12 

urV LRR89 ‘..first TM is MlSSlMGo 

To 10 

IjRR.O 

NExT M pun 5 0-. 1,0 
Hi" Ni'XT'l, 

SM PCiM',' 1'^]0 
ror TmI' ND+ I 3 .. 9 
Il)f, Tl.Dli-13v9 

\i iLiurir 




Nt^XTl TDM IMF ND+ 13,1 
TDM rlU-Dr+! 3,1 

* TFM TMCK,0,10 
TFM ADDR,EDr 

Bci coF>i,»»ssi ON Implies NO edit 

SS 2 bC2 EDTInFs 9»SS2 ON IMPLIES THAT JOB NOo IS SPECiFIEDo 
B REDT 

* JOB NO“ IS SPECIFIED ON THE TYpE WRITERo 

edtimfwatyjobnoo 

RCTY 
RATYJBR 
TDM 5S2+1»1 

READ OLD record IN 'READIN' 

nop 

rLDT rmtoreadin-i 

BnpCTEST 
BTM RDCKjTEST 
TEST 8 V sure 
NOP REDT 
NOP EDIT 

INCR TDM TEST+13»9 
SF READIN+1A9 
C READIN+156 ? EDITR+6 
Be EDIN 
bNC2SEQ 

equal SF READIM-1 
SF JBR -1 

C jBR-i-16 vREADI N + 16 

thro be redt 

Am prn 9 1 » 1 0 
TFM TMCKsOslO 
B REDT 

EDIN Am PRNsl 9 10 
TFM TMCK^OslO 

B redt 

EC rntoreadin-i 

liM|-.'C-)!- + 2 A 
BTM Pi)CK,-!: + i 2 
Lv l:pr2 

jSrcm SF PLAD1N~1 

* search FOK the same job NOo IN EDIT ImFOo 

C Rf ADIN+I 69 JBR+I 6 
BR bNl. l-.L'RJ 

Tp I'DR-l 9RLADI M- 
TFM RD-t-lR,f.DR-l 
rD Am RD-I-1F9 162 9 27 

RNTOxk 
BNPC«+/| B 
TF R+6»RD+18 



6ft 


BTM rock 9 *+ 12 

TFM R-i-6 »R1:'ADIN«1 
Bv edovr, , ,edit over 

T F I A s R D+ 1 8 
S M I A s 1 , 7 
TF IAsRCMKsS 
B RD 
SURE BkSO 

rntoreadin-i 

BnPC#+2A 
BTM RDCKs*+12 
BnV TEST+12 
tmfno toio 

NOP NEXT 
BTM SRCHTM>^<’+12 
Am TmCKsIsIO 
Cm tmcksIsIo 
EDsrCHBh EC 

TOM TEST+13s1 
B REDT 
# EDIT over 

eDovr toio 

NOP *+A3 
BkSO 

TDM E00VR+13s9 
B RD+12 
TDM EDOVr+13?1 
TFM EDRsADDr 
TDM TEST+25>9 
TFM TMCKslslO 
TF PGNsPRN 
RE WO 

B next 
rDCK BkSO 
R RNTOrEADIN-1 

BnRCGOBACK 

Am 1 . 1 + 11 ^ i»io 

L 1 Cm n m a X s > 1 0 
BE ERRI 
B ROCK 

GOBACkTFM L1+11»0»10 
B RDCK-1»»6 
WRCK BkS2 
W DmTRREADIN-I 

BnWCWRCK- 1 S s6 
Am '«' + 9 s 1 0 s 1 0 
BnV WRCK 
BkS2 



ffl 


EpF2 
B W 

Tr JBR-1 sREADIN-I 
B REDT 
SF READIM+151 
SF EDr+157 
Cm EDr+158 970, 10 
BE Alt 

Cm EDR + 15 8,71, 10 

UnE ERRA»99WR0NG edit information 

:AnS that EDIT-INFOMATION is GIVENU 

BTM ZFIL9^T-12 

TFM AlT + 1,'41,10 

TFM ADDr,EDR+15897 

Am ADDr,697 

TNS ADDR,FnCj(5 

Am ADDr,4»7 

TN'8 ADDRsCArDS,^ 

Am ADDRs152,7 
TNS ADDr,N1926 
RNTOrEADIN-1 
BNPC^f-+24 
BTM RDCk,*+12 
BV PRGoV 
BTM ZFIl,COPY 

TnS readin+iss, jn 

C JN,N1 
Bl zfilo 

bh err4,,, Wrong edit information 
Cm fnc,99 siostest For end of edit 

BE EDTOVR 

Cm FnC,iO,109N1 is in STOREo 
BE delete 
Cm FnC,i5,10 
BE modify 
Cm FmC,05,10 

be add 

Cm fnc,O910 

Be copy 

B ERR4!>»9 wrong edit INFORMATION 
TFM AlT+1» 17910 

B Alt 

rNT0rEADIN“1 

BNPG*-t'24 

BtM RDCk,#+12 

13v OVF 

BnCZALT 

WATYJOBNOo 



BLWSKS IN THE . lAST FOUR CoLS. 
/-fiL Tr REAOIN + 151 jZEro 
NEWrECDnT2READIN--1 


B fv| W C •)( + 2 A 
UTM WRCk,:S^,*12 


AND WRITE ON THE TAPE 


RCTY 

RATYJBR 

TFM THRO+BsALT 
B Equal 

zFilo btm zfil.copy 

OVF Toio 

B COPI 

fill BLANKS IN THE LAST FOUR COLSo AND WRITE ON THE TAPE 
ZFIL Tr READIN+ISI sZERO 
NEWRECDnT 2READIN-1 
BNWCtt+24 

Btm WRCK»it +12 
B ZFIL“1.»6 
PRGOV ToIO 

TFM ADDr,EDr 
TDM TEST+25»1 
TDM SS 2 + 1 »6 
* TFM AlT+1 » 17 > 10 

TFM THR 0 + 6 ,REDt 
RCTY 
NEWTM WTM2 

ENWC-Sf+TZ 

bKS 2 

Am ^<-+9 >10 9 8 10 
BnV newtm 
E pF 2 

B NEWTM 
BC2 over 
Am PRNsl > 10 
TF PGNkPRM 

Btm srchtm s-s^+iz 

REWO 

B next 

SRCHTMRMTOrEADIN -1 
[3NPC*+24 
BTM ROCK >*+12 
BV over 

bkso 

B SRCHTM-1 9 >6 
ADD new records AFTER Ml 
ADD BTM ZFIL9*+12 
Cm CARDS 9 O 9 IO 
BE REST 
S M C A R D S 9 1 9 1 0 
BTM NXTREC 9 ADD 
modify A RECORD! Ml) 

MODIFYBtM NXTREC9*+12 



RE^ORI-'S N U|v1 B E R R E D as N1 9 N2 9 N3 9 000 0 0 
DElETECm cards, 1 9 10 
be back 

tf IA,ADDR 
SM IA,8 
TnS lAsNl ,6 

Sm cards, 1 , 10 

TFM DELETE+25,41,iO 
B COPY 

back TFM L)ElETE + 25,26,10 
B R F S T 

NXTrECAm ADDr,3,7 

Tr READIM-1 ,ADDr,711 
AM ADDR,159,7 
B NXTREC~1,,6 

ERRl WATYMES2 
REWO 
REW2 

TFM RDCK+35,0,10 
B OVER+12 
ERR2 WaTYJBR 
WATYMES3 
RCTY 
TOIO 
REWO 

RATYREADIM 
SF READIN-l 
Cm READiNsABslO 
BE COPI 

Cm READIN962910 
BnE ERR4 

ERRS TDM TEST+13,9 
B REDT 
ERR4 WATYMES5 

B OVLR+12 
ERRS WATYMES8 

B OVER +12 

OVER WATYMES7 
RCTY 

TFM TMCK,0,10 
TDM 552+1,6 
TFM PGN,0,10 
TFM PRN,1,10 
H 


* 

* 
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TF JBR+22,RC>1K 
TFM TLST+SOsMEDIT 
TFM COUNT+6,EDr+i58 
data TDM TEi'.T+13vQ 
TFM TMCKsO s 10 
B rEDT 
MBDIT SF EDr +1 

SF READIN -1 
C EDR+18 9 READIN+I 6 
bne data 

MODFSTTDM TEST+25,9 
TDM TEST+13.1 
TDM TWOTm+IjI 
TFM CARDS >0,iO 
TFM MODF-l ,STOR 
TFM PRN»0»10 
NOP 

TFM SRCHTM+42 sREWIND 
MODF RNT2READIN-1 

bnpcovfck 

BTM RDCK 2 .->^ + 12 
OVFCk BnV M 0 DF-. 1,,6 
BkS2 

RNT2READIN-1 
BnPC^+24 
BtM RDCK 2»*+12 
BrV M 0 DF *“1 5 »6 
T0I2 

TWoTM nop OVErCK 
TDM ^^-11,9 
B MODF 
rDCK2 BkS2 

RMT2READIN-1 

bnpccome 

Am L2+11?1»10 
L2 Cm NMAX.JK10 
Be erri 
B RDCK 2 

come TFM 12 + 11.^0,10 
B RDCK 2 - 1»»6 
SToR Tr EDR- 1 ,READIN -1 
SF EDR -1 

Cm EDR, 13,10,$ SIGN 
Bne CONTI n 
$ SIGN IS OBTAINED 
Cm CARDS, 0,10 

Bne err 10 

Tr JBR-.1,READIN+1 
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UmL 

errio watymes]09 > ^Inadequate datao 
watyjbr 

RCTY 

TnF MES12+2 sCArDS ' 

WATYMES12 

RCTY 



B 

ORIGIN 

OVErCkCm 

CARDS 9091 U 


tns 

EDR + 22 >0AR: 


TFM 

JN 9098 


TFM 

TEST+30,A 

count 

Tns 

#^(-»Nl 


sm 

9 8 

A 

am 

UN 9198 


c 

JN.Nl 


BnH 

REDT 


TF 

JNsNl 








btm 

M0DF,*+12 


btm 

CHECK9*+I2 

■W' 






DN 

BkSO 



DnTOrEADIN-1 


BmWCON 


Am 

*+9 9 10,10 


BnV 

dn 


B 

erri 

ON 

Sm 

CARDS, 1 9 10 


Cm 

cards , 0 9 lO 


BnE 

COUNT 


Btm 

MODF 9 STOR 


= sign(Continuation) is obtained. 

CONTINCm EDR 933 »10?=SIGN for CONTINUATION 

be move 


MOVE 


check 


WATYMES13 

Watyjbr 

RCTY 

B MODF 999 EXTRA records 
Tn.S E-Dr+4sCArDS 
TFM CoUmT+SsEDr+isS 
B Count 
SF READIN -1 
Cm READIN 9 13 9 10 
bf: errio 

Cm READIN933»10 



?8 


be over 

B ERRIO 

rewimdrewo 

TFM TMCK, 0,10 
TDM TWOTm+ 1 si 
Am PRNsl >10 
Cm PRN> 2>10 
IBnE rEDT 
TFM Z+ 6 >EDr +2 
Z CF 

Am Z+ 6 > 1>7 
Cm Z+ 6 >EDr+i 8 
BNH z 

TF MESII + 16 ,EDR + 18 

WaTYmESII 

RCTY 

ORIGINTFM PGNsOsIO 
TFM PRN> 1>10 
TFM SRCHTM+42>0 VEr 
TFM TEST+ 30 sEDit 
TFM JN, 0,8 
H 

* 

MESI DaC SOsMOUNT old program on to AMD EDITED PROGRAM, ON TZot 
MES2 DAC 13>TAPE IS BADo > 

MES 3 DAC A 7 > NO EDIT iNFOo TYpE C FOR COPY > S FOR SKIP=* 
MES 4 DaC 289 EDIT NOT AFTER THE PROGRAM,' 

MES5 DAC ITsWrONG EDIT InFOo' 

MES 6 DAC 25 >RECorD IS NOT AVAILABLE, i 
MES 7 DaC TsSOVERS' 

MtS8 OAC 2I9FIRST Tm IS MISSINGo* 

MES9 DAC 45>M0 UnT FIlES ON TO AND MODIFYING InFO, ON T 2o' 

Mtsio DaC 2 O 9 inadequate data in ' 

mESII DaC 249 IS NOT ON TO,' 

MES 12 DaC 269 MORE RECORDS REQUIRED , 1 
mES 13 DaC IBsEXTrA RECORDS IN ' 

EDiTr DaC 49 EDIT 

JOBMO-^DaC I89TYPE THE file NO,' 

TMC|< DC 29 O 

PRN DC 2 > 01 9 >PR 0 GrAM-N 0 o 
PGn DC 2>0 

EOr Ds > 200219 >EDIT INFO, 

JN DC 4»0 
Nl DC 4>0 
FNC DC 2>0 
cards DC 2>0 
NMAX DC 295 O 9 
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Bi 

ji^R Das 
Ds 
Ds 

rEADInDAS 

DS 

DS 

ZEro DsC 
rCmk DaC 


40 

40 

42 

40a9841 

40 

42 

B>0 

1 9 ' 


dendstart 
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# FILL'.- Vh.RlFICATION 


'■ •IJ' -/f ‘A' * 




•)f ik ^5* if -K 71- -X- -Jf X- # -Jf 'X“ >;(• -Jf -X- 4f -Jf Jf -X- it it it ic it if if if if if if if if if if if if X“ if :X- if if i ; . .- , 


^H\cAD REC0RU1> FlRiiT FROM TApLO THEM FROM TApEZ » SEARCH FOR THE Ri ■ ' ' 
«• COFPApE TFIlISE RECOrOSo UMLIKE RECORDS ARE PUNCHED IM THE StQU-M.CE-- 
•«■ FIRST PECCIRD FROM TApEO 9 SECOND FROM TAPE2 

VEplFlCATION IS OVER '.vHEM TIIcRL ARl Tl/0 TApE MARKS AFTER ANY PROG'.;/ 

Amy tape which is spi-CIFieu in the message. 

^ keep SS4 n,"! FOR '^rint output 
TAPE'J/TA prp ■ 

« T(N) / RC—l) — TmC|<( Cl-if,:ci< TAPE-MA-'K on T 2 ) 

T{N) 1 / T(N )1 — EmDCK( CHtCK FOR THE END OF THE FILE ) 

T(M)2/ T(!\i )1 — tND 2 ( FIlCS I,m EXCcSS ON T 2 ) 

# TIN)!/ T(,'i)2 — EkiDu( FIleS IN EXCESS ON TO ) 

* R(N) / R(N) COMPARE 

» R(l) / R(l) - store JOB-IDLnTIFIChTION 
BUGIM REWO 
REW2 

Toil OVF + 13 9], 

TDM ER+ 1,1 * 

Tr MARK-l »B lAmK 
TD lP999i»0040n 
NOP 

INI RMTOLOCl-1 

pmfcovf 

TFM RT+ 69 LOCI-I 
TD'v- RDC|<+9 9 U 
TDI'i RT+ 99 O 
ET" RDCK.9 X -+12 
qVF Bv TjEO 

MOP ERR?. ,90 
IN2 RWT2LOC2-1 


bMPC^f+SO 
TDM pOCK+9,2 
TFM RT+6,L0C2-1 
TDM RT+9,2 
uTM fRDC!< 9 «- + I 2 
BV TH2 


Els 


I 'i OP 9 9 J 

TR coLMNS-1 9 Blank 
TFM 3FLAG+6,L0C1-1 
TFM SFLAG+ 18 9 LOC 2 -I 
T Fri CFLAG+6 , LOC 1 
TFM CFlAG+18 9 LOC 2 
TFM COLMO 09 I 9 I 0 
TFi'i AC Li 1,2, 9 
TFii MATCH 9 O 9 IU 
Am RCN0u,l,8 
TFM: MFIlL + 6»C0lMNS+ 30 
Tp mar:k-i sblamk 
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TFM star, hark 

sflag sf 

SF 

CFlAG CF 
CF 

COMP C CFlAG+ 6 »CFf AG+3 
be I NCR 

NFILL TmF w^^»COLNO« 

CM MATCH, 17 »lo 
BE SKIP 
TFM S tar, 13, 61 n 
Am NFILL+6,8,7 
AM MATCH, 1,10 
INCR Cm ACLM,160,9 
BE OUT 

AM SFlAG+ 6,2,7 
AM SFLAG.+ 18i2,7 
am CFLAG+6,2,7 
Am CFlAG+ 18 ,7 
AM COLNOcl.lo 
AM ACLM,2 ,9 
Am STAR, 2, 7 
b SFLAG 

OUT Cm match, 0,10 
be ini 

cm match, a, 10 

BH SKIP 

PUT TF COLMNS + 22, COL 0 + 12 
TnF C0LMNS+6,RCN0o 
BMCA++36 
WACUCCLMNS 
w 

B WBOTH 

watycolmns 

RCTY 

li WBOTH 

early TFM SKI P+1, 26, 10 
SKIP TF DUMilYsRCNOo 
TFM SKIP+l , A1 , 10 
C DUMMY ,RCNOo 
BE PUT 
AM dummy, 1,8 
C DUMMY, RCNOo 

bl early 

ERR 3 BCA ^i-+48 
WATYMES3 
RCTY 

B PAS50 
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REV-12 

iFr-’ £R-1»TM2 

WATYMES2 

v.;atyt 

£ ST0P+i2 
END2 TFM EP- 69 STOP 
BTF Ii\i 2 9-«-+12 
TDM T 92 

B finish 

STOP TFH ER- 69 TM 2 
RCTY 

watyover 
BNC 4*+lt,.,48 
WACDBLANK+3 ■ 

WACDBLANK+3 

wacdblank+i 

H 

4 

RT^Sl UAC 13, TAPE IS BAD.. 

MES2 UAC 25s FILES IN EXCESS ON TApLi 

T t) A C 3 a V j o • 

MI-S3 UAC 24sHEaVY MISflAlCH OMWARDSo. 

OVEF^ UAC 7>S0VER$i 

MATCH DC 2,0 

ACLM DC 3,2 

RC’MOg Dc 4 ,U 

DUf^.'iY DC 4,0 

star DS 5 

NHAX DC 2,10 

COL MO » DC 2,0 


COLo 

DAC 

8 »COLUMN- 

MARK 

DAS 

40 


das 

40 


uac 

1 , • 

[3 lank 

DSC 

4:':! » ‘ 


DSC 

4 0 , 


DSC 

4 0 , 


DSC 

4 1 , f j 


DC 

1,' 

LOCI 

Das 

AY) 


DS 

4 0 


Ds 

40 


DAC 

1 , ' 

LOC2 

Das 

4C 


Ds 

4 0 


Ds 

40 

RCi/,K 

DAC 

1,' 

COL MM SD AS 

40 


Das 

A' 0 


dac 

1 , ' 


D FM D tJ EC IN 



FILES C- TAf 
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